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ABSTRACT 
National is an acknowledged leader in providing analog mixed signal semiconductor 
products that move and shape information. Microcontrollers are the core of many 
systems which move and shape information, and the introduction of the integration of 
microcontroller, analog and memory devices into one chips is aligned with the 
corporate vision to provide solutions through information appliances. In the 
PRC/Hong Kong arena, the market potential for the programmable microcontrollers 
will grow from US$40 million in 1996 to US$255 million by the year 2000. National 
can be a winner in this specific market segment since National has the manufacturing 
capability and strength in the technologies for the microcontrollers, EPROM memory, 
and analog circuits. With positive feedback from most of its customers regarding the 
COP8SA series, the first low cost OTP microcontroller series introduced by National, 
a marketing plan is proposed with the objective of capturing 30% of the 
programmable microcontroller market within three years' time. Through the 
continuous introduction of new products in the COP8SA series, cost effective 
manufacturing, strong distribution channel that provide technical support to 
customers, and a promotional plan which helps potential customers to learn more 
about National's microcontrollers, National will surely be the leader in the 
programmable microcontroller market. The proposed marketing strategic plan will 
help National to generate revenue of US$153.4 million with ROI of 6.5 times in the 
PRC/Hong Kong region alone. 
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The Microcontroller Market 
Microcontroller (or Single Chip) is an integrated circuit ofCPU^ ROM^ RAM^ I/0^ 
and some other built-in functional blocks, like timer, A/D converter^ serial interface, 
LCD^ driver, etc. It is a semi-custom electronic device, for which the customers have 
to write their own software. The finalized software will then be programmed into the 
internal ROM (MROM^) by the silicon suppliers. Microcontrollers are widely used in 
different applications and market segments, for example, automotive and 
transportation, consumer, communications, office automation and industrial, data 
processing, and military/civil aerospace. Microcontroller market can be divided 
according to the width of the bus size of the ALU. It can range from 4-bit to 32-bit, 
with the biggest market size in the 8-bit arena. The 8-bit microcontroller market is 
forecast to grow from approximately $4.9 billion in 1994 to over 11.4 billion in 1999 
g 
on a worldwide basis. 
1 Central Processing Unit 
2 Read Only Memory 
^ Random Access Memory 
4 mput or Output ports 
5 Analog-to-digital converter 
6 Liquid Crystal Display 
1 Masked Read Only Memory 
8 Dataquest, The Microcontroller March On - The Forecast, December 25, 1995. 
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The 8-bit microcontroller market can further be divided into three market segments, 
according to the type of program memory of the microcontrollers used during 
production. Figure 1 shows the three market segments. In the first market segment, 
the customers will use One-Time-Programmable (OTP) microcontroller for 
prototyping and use MROM microcontroller for both the pilot run and mass 
production. In this segment, the price for the OTP microcontroller is not critical since 
the customers need only small quantities. The OTP microcontroller serves as a 
development tool. In the second market segment, the customers will use the OTP 
microcontroller for prototyping as well as for the pilot run, and they will use MROM 
for mass production. In the third market segment, the customers will use the OTP 
microcontroller for prototyping, the pilot run, and mass production. Customers in the 
last two market segments are more price-sensitive for the OTP microcontroller. 
Figure 1 
Microcontroller Market Segment 
by Memory Type of Program Memory Used During Production 
f f Segment II: \ _ “了丁 \ 
f SegmentI: ( OTPand ] 巧 二 1 : \ 
^ C : ^ 5 ^ 
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This project is targeted at market segments II and III，which use OTP 
microcontrollers in the pilot run and/or mass production. 
In the past 2 to 3 years, the high demand for microcontrollers has led to a longer 
delivery time. On the other hand, the product life cycles of numerous consumer 
applications have been shortened. These two factors are driving the high demand for 
cost effective OTP microcontrollers which can be offered with shorter lead times. The 
OTP microcontroller will have the same features as the MROM devices, but will use 
EPROM^ as the program memory. MicroChip is currently the major player in this 
market and other vendors like Motorola，Zilog, and National Semiconductor are 
trying to enter this OTP microcontroller market. 
About National Semiconductor Corporation 
National Semiconductor Corporation (National), headquartered in Santa Clara, 
California, develops and manufactures semiconductor products for a variety of 
markets in the electronics equipment industry. It was established in 1959. Today, 
National designs, develops and markets semiconductor Technologies For Moving and 
Shaping Information®. Also National is an acknowledged leader in the design and 
manufacture of analog and mixed signal semiconductor products, i.e., products that 
move and shape information. The technology drives such essential business products 
as fax machines, cellular phones, desktop and notebook computers and peripherals, 
local and wide area networking devices, and telecommunications equipment. ^ ^ 
Additionally，National produces analog and digital components for mainframe 
9 Erasable Programmable Read Only Memory 
1° National Semiconductor Corporation, 1996 Annual Report, pp. 4 - 5. 
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computers, hard disk storage, industrial controls, military and aerospace products, and 
automotive electronics. National is also the leading supplier of power management 
solutions. 
Besides the headquarters in the US, there are four more headquarters in different 
regions, namely, South America，Europe, Japan, and Asia-Pacific. There are also 
twelve manufacturing facilities in the United States, Europe and Asia. The 
headquarters in Asia-Pacific is located in Hong Kong. The main functions provided 
by the Hong Kong headquarters are administration, finance and accounting, sales and 
marketing, human resources, and MIS services. 
The Microcontroller Technologies Division (MCT) introduced COP8, an 8-bit 
microcontroller, more than 10 years ago, and has around 2% market share in the 8-bit 
microcontroller market. Seeing the need for a cost effective OTP microcontroller, 
MCT started the development of a new series of COP8 family, an OTP 
microcontroller series, in the fourth quarter of the 1995 calendar year and announced 
the introduction ofthe OTP series, COP8SA, in September 1996. 
Project Objectives 
The project objective is to study the market environment of the OTP microcontroller 
in the PRC and Hong Kong, and to propose a marketing strategy for National's OTP 
microcontroller with the target of capturing 30% of the market within three years. 
National's management must make decisions on whether it should spend resources on 
5 
this OTP microcontroller market to become the leader in this specific market 
segment. 
There are two research objectives in the study. First, to estimate the market potential 
for the programmable microcontroller market in the PRC and Hong Kong. Second, to 
find out the considerations of customers in selecting the progammable 
microcontrollers. 
The PRCy^ong Kong is selected for this study because of its high CAGR^ and huge 
market size in electronic equipment production, and the consumption of 
microcontrollers is also the highest among Asian countries. According to Dataquest, 
among the four major semiconductor markets, the PRC/Hong Kong, Taiwan, South 
Korea, and Singapore, the percentage share of total annual revenue of electronic 
equipment production of the PRC/Hong Kong will grow from 30.3% in 1995 to 
12 
38.2% in 2000 (Table 1). On the other hand, the proposed marketing strategy can 
also be employed in other regions and help National to be one of the leaders in the 
“ , 
programmable microcontroller market. 
11 Cumulated Annual Growth Rate 
12 Dataquest, Semiconductor Application Market Asia/Pacific, December 9，1996，p.4. 
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Table 1 
Electronic Equipment Production 
by Four Countries in Asia/Pacific, 1995 to 2000 (Millions of U.S. Dollars) 
CAGR (%) 
1995 1996 1997 1998 1999 2000 1996-2000 
PRC/Hong Kong 30,797 38,010 46,582 57,400 68,728 81,284 20.9 
Taiwan 22,224 26,015 30,097 34,387 39,028 44,143 14.1 
Singapore 22,266 24,522 26,222 29,425 32,643 36,262 10.3 
South Korea 26,457 29,666 33,608 38,534 44,398 51,226 14.6 




Market Research and Data Collection 
In this project, the research is primarily exploratory, and two types of data have been 
collected. First, the project attempts to construct a 1996-2000 model for the OTP 
microcontroller market in the PRC and Hong Kong. Currently, there is no formal data 
available for the market size of the 8-bit OTP microcontroller in the PRC and Hong 
Kong and secondary data has been used for the estimation of market potential. The 
sources of secondary data include both external reports from Dataquest and internal 
reports about the microcontroller market for the PRC and Hong Kong. Dataquest has 
done the analysis for the 8-bit microcontroller in the Asia-Pacific region. The market 
potential for of the 8-bit OTP microcontroller for the PRC and Hong Kong will be 
estimated based on the total microcontroller market for the PRC and Hong Kong. 
The second type of data addresses the market environment of the OTP 
microcontroller market in the PRC and Hong Kong. Since the product is mainly sold 
through the distribution channel, three experience surveys have been carried out in 
late February and March time frame with the knowledgeable persons who are 
handling the sales and marketing tasks for the COP8SA family in this channel. The 
first informant is the Marketing Manager of one of National's distributors in Hong 
8 
Kong, and covers business in the southern parts of the PRC and Hong Kong. The 
second informant is the Marketing Director of National's distributor for both the PRC 
and Hong Kong. The third informant is the Field Application Manager in one of the 
distributors and he leads a team of Field Application Engineers to provide technical 
support to customers in the PRC and Hong Kong. All three distributors selected 
above have carried microcontroller products from other vendors, and the informants 
are knowledgeable about the microcontroller market. The objectives of the interviews 
are to understand the customers' feedback about the COP8SA series more than 5 
months after the launch of the product, and the informants' points of view about the 
criteria which are critical for the success in the OTP microcontroller market. All the 
interviews were conducted at the distributors' offices and lasted about one and a half 
hours each. The informants first reviewed the current COP8SA design activities and 
provided the reasons for projects won and projects lost. Then the informants were 
asked to give feedback about the customers' needs and expectations, and National's 
current position against the competition. Finally，future promotion activities and 
what National must do in order to become the leader in this market segment were 
discussed. 
The other information about the product and market environment was obtained from 
13 
the NPPRS document from National. The document includes product definition, 
competitor analysis, business case, cost evaluation, and schedule. 
13 New Product Phase Review System 
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Literature Review 
Dataquest has done an extensive study on the market trends for the microcontroller 
market.i4 The report covered the microcontroller revenue forecast by region, by word 
width, and by application. The report also lists the top five microcontroller vendors' 
market shares. In another report, Dataquest has predicted that Asiay^aciflc will be the 
second-largest electronic equipment region in the world by 1997." The four major 
semiconductor markets are the PRC/Hong Kong, Taiwan, South Korea, and 
Singapore, with the PRCVHong Kong having the highest 1996-2000 CAGR (20.9%). 
Two other reports published by Dataquest provided the forecast breakdown figures by 
16 17 
application for semiconductor consumption in the PRC and Hong K o n g . ‘ 
Julie Anne Schofield mentioned in her report that the advantages of using 
microcontrollers instead of the traditional electromechanical systems are reliability， 
18 
low cost, high integration, and space saving. The engineers will select 
microcontrollers based on the required processing power, power consumption, built-
in functions, and performance. Once an engineer is familiar with the architecture of 
the microcontroller provided by a particular vendor, he may be reluctant to switch to 
another vendor because he already has a library of code written for that specflc 
microcontroller. 
14 Dataquest. The Microcontrollers March On - The Forecast December 25, 1995. 
15 Dataquest, Asia/Pacific - the Second-Largest Electronic Equipment Production Region in the 
Worldbv 1997. December 9，1996. 
16 Dataquest, China/Hong Kong Electronic Equipment Production Forecast, May 20, 1996. 
” Dataquest, China/Hong Kong Semiconductor Consumption by Application Market July 15, 1996. 
18 Julie Arnie Schofield，"Computers on Chips", Design News, January 20, 1997. pp68 - 82. 
10 
In various reports and articles, the reasons for the success of Microchip Technology 
are mentioned, for example, targets at niche market/^ provide highly flexible 
20 21 solutions to ever-changing market demands, rich product portfolio, board 
22 23 • 24 
customer base, built up her loyal customer base, affordable price，and upgrade 
her production capacity to provide short leadtimes.^^ 
National has been a player in the 8-bit microcontroller market for more than 10 years, 
and it has regularly monitors trends in this market. The product proposal for the cost 
effective OTP microcontrollers, the COP8SA series,^^ presented the needs of the 
market, the world-wide market potential, and the business case for the new product. 
19 Alan Rieper, "Microchip technology (MCHP) Onward and Upward", U.S. hwestment Research -
Semiconductors, Morgan Stanley, April 28，1995. 
20 Business Wire, Microchip Technology Jumps into Flash Market with hidustrv's First 2.0 Volt 8-
bit Flash Micro controllers. Business Wire via Individual, Inc., August, 1996. 
21 Alan Rieper, "Microchip technology (MCHP) Onward and Upward", U.S. hwestment Research -
Semiconductors, Morgan Stanley, April 28, 1995. 
22 Alan Rieper, "Microchip technology (MCHP) Onward and Upward", U.S. Investment Research -
Semiconductors, Morgan Stanley, April 28，1995. 
23 Business Wire, Microchip Technology Launches New 8-bit Microcontroller, Business Wire via 
Individual, Inc., April 22, 1996. 
24 Business Wire, Microchip Technology Announces High-performance 8-bit OTP Microcontrollers 
with LCD Drivers at Industry's Lowest Price Point Business Wire via Individual, bic., July, 1996. 
25 Electronic Buyers News，8-bit OTP MCUs Fill a Supply Void, Electronic Buyers News vis First!, 
November 23, 1995. 
26 National Semiconductor, NPPRS - Low Cost OTP Microcontroller, National Semiconductor 
Internal Document, 1995. 
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CHAPTER III 
MARKET ENVIRONMENT ANALYSIS 
The OTP Microcontroller Market 
27 28 29 
From the results of the experience surveys，，，low cost OTP microcontrollers are 
welcomed by customers, and the market will grow faster than the rate of the MROM 
microcontroller. This is because the OTP microcontroller provides certain benefits to 
customers: 
1. MROM is cost effective only if the systems manufacturer purchases large 
quantities of identically programmed microcontollers. A system manufacturer has 
to pay charges to the microcontroller vendor for the programming and setup of the 
manufacturing of customized MROM. Using OTP microcontrollers can help those 
customers using less quantities to save on the upfront costs. 
2. The persistently long lead-time for the 8-bit MROM microcontroller has led to a 
battle of one-upmanship among suppliers of OTP microcontrollers, who are 
30 
guaranteeing quick delivery of parts under certain circumstances. Thus, OTP 
microcontrollers help the manufacturers to have faster responses to the market 
27 Marketing Manager of one ofNational's Distributors, Merview, March 7，1997. 
28 Marketing Director of one ofNational's Distributors, Merview, March 11, 1997. 
29 Field Application Manager of one ofNational's Distributors, Merview, February 27，1997. 
30 Electronic Buyers News, 8-bit OTP MCUs Fill a Supply Void, Electronic Buyers News vis First!， 
November 23, 1995. 
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requirements and changes. If a manufacturer makes a software change, the lead-
time for receiving a MROM microcontroller with the new program may be many 
months; on the other hand, the manufacturer can use the OTP microcontroller 
which can be programmed by herself. Another critical factor for a manufacturer is 
the ability to bring a system to market quickly because of the shortening of the 
product life cycle. In the PRC and Hong Kong, there are many small customers 
who need OTP microcontrollers to test the market response to their systems. If the 
response is positive, the customers will first use quantities of OTP 
microcontrollers to capture the market window before receiving the MROM 
devices. 
3. OTP microcontrollers can help manufacturers to reduce costs due to useless 
inventory of MROMs. Also, the same type of OTP microcontrollers can be used 
in different models with different programmed software, and this help to reduces 
the number of types of microcontrollers that the manufacturers have to stock, 
which in turn also reduces inventories. 
Customers are using OTP devices to allow for very short time to market, and quick 
software changes with little or no inventory cost impact. Besides，OTP 
microcontrollers also provide benefit for vendors: 
1. It helps the vendors to lower the manufacturing costs due to economies of scale. 
OTP microcontrollers can be manufactured as standard products instead of semi-
custom products, and this treatment can reduce scrap and allow fabrication to run 
larger lots for better productivity. The vendors can produce the same device to 
13 
meet the needs of different customers; thus the production quantity is vastly 
increased. 
2. It helps to reduce the logistical cost in handling different part numbers assigned to 
different software versions of the system manufacturers. 
3. The vendors can build up barriers to entry for the potential competitors by the 
required technologies and manufacturing efficiencies to market and produce the 
OTP microcontrollers cost effectively. 
Table 2 shows the total microcomponent consumption in Asiay^acific.^^ According to 
Dataquest, the MOS Microcomponent is a digital IC that can be programmable such 
as a microprocessor (MPU), microcontroller (MCU), digital signal processor (DSP), 
or an application-specific logic device that provides a supporting function to an MPU, 
32 
MCU, or DSP. Based on Dataquest's forecast, the total 8-bit microcontroller 
consumption for the PRC and Hong Kong is estimated by the MCT group of National 
(Table 3). 
31 Dataquest, Semiconductor Application Markets AsiayPaciflc, April, 1996. 
32 Dataquest, Semiconductors, December 2, 1996. p.46. 
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Table 2 
Asia/Pacific Microcomponent Factory Revenue 
(Millions of U.S. Dollars) 
CAGR 
1996 1997 1998 1999 2000 1996-2000 
MOS Microcomponent 8,811 10,437 12,740 15,842 19,699 17.5% 
MOS Micro, % Growth 21% 18% 22% 24% 24% 
Microprocessor 3,181 3,815 4,678 5,823 7,277 18.0% 
MCU 2,465 2,887 3,577 4,554 5,752 18.5% 
MCU, % Growth 22% 17% 24% 27% 26% 
MCU, as % ofMicro 28% 28% 28% 29% 29% 
Microperipheral 2,825 3,310 3,900 4,725 5,770 19.3% 
DSP 340 425 585 740 900 28.6% 
Source: Dataquest (April 1996) 
Table 3 
PRC/Hong Kong Microcontroller Factory Revenue 
(Millions of U.S. Dollars) 
CAGR 
1996 1997 1998 1999 2000 1996-2000 
Asia Pacific MCU Total 2,465 2,887 3,577 4,554 5,752 18.5% 
PRC/HK MCU, as % ofAP 22.5% 23.6% 23.7% 23.8% 23.9% 
Microcomponent 
PRCVHK,MCU 555 683 847 1,084 1,377 18.9% 
% Growth 22% 23% 24% 28% 27% 
Less than 8-bit 194 209 211 239 277 7.3% 
8-bit 306 396 514 648 810 19.7% 
16-bit or more 55 78 122 197 290 39.2% 
Source: National Asia/Pacific MCT Group (December 1996) 
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33 34 
Based on the input of the knowledgeable informants ，，the market size for customer 
programmable microcontrollers was estimated to be around 13% in 1996 and will 
grow to 30% by 1999. One of the main driving factors is the price drop. In the low 
and medium volume applications, OTP microcontrollers are the preferred products 
for production, with a price premium of one and a half to two times higher than the 
price of MROM microcontrollers. If the price premium were only ten to twenty 
percent of the MROM devices，most medium and high volume applications would use 
OTP microcontrollers as the production products, rather than ever commit to the cost, 
time，and inventory reliability of the MROM version. The predicted market size for 
1997 - 2000 is shown in Table 4. 
Table 4 
PRC/Hong Kong Customer Programmable Microcontroller Market Size 
(Millions of U.S. Dollars) 
1996 1997 1998 1999 2000 
Total 8-bit MCU 306 396 514 648 810 
Programmable Microcontroller 40 67 122 192 255 
% ofTotal 8-bit MCU 13% 16.9% 23.7% 29.6% 31.5% 
33 Marketing Manager of one ofNational's distributors, Merview, March 7，1997. 
34 Marketing Director of one ofNational's distributors, Merview, March 11, 1997. 
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Customer Profile 
Since the OTP microcontroller is addressing the horizontal market, the target 
customers can be: 
1. Many low to medium volume customers. They can be trading firms without their 
own engineering teams, but who use external design houses to design the required 
electronics systems. 
2. Consultants and design houses. They are often the source of new microcontroller 
designs and develop systems with OTP solutions in order to allow for easy, fast, 
and inexpensive modifications to the designs. They will only design with 
35 
suppliers that offer cost effective OTP solutions. 
3. Customers who need to to change their software very often to meet the 
specifications of their end customers. Examples are joy-sticks and remote 
controls. These customers have to develop many revisions of software programs 
which are slightly different from each other and used in different models for 
various customers. The added advantage to this kind customer is the possible 
purchase of a single type of unprogrammed OTP microcontroller at high volume 
which can then used in multiple low volume applications. This allows for a lower 
purchase price, and the inventory of fewer parts numbers, in addition to the 
reduced risk of having to scrap preprogrammed devices. 




Microchip Technology，Inc. leads in providing cost effective field-programmable 8-
bit microcontrollers and she can offer the MROM version to some selected members 
of her OTP families. The net sales for the fiscal year ended March 31，1996 was 
36 
US$285.9 million. The company's microcontroller products comprise roughly 60% 
• 37 
of sales, and OTP devices account for about 90% of microcontroller sales. 
Microchip has risen from the world's twentieth largest supplier of 8-bit 
microcontrollers in 1990 to the fifth largest supplier in 1994, with its share increasing 
from 1% to nearly 6%, according to Dataquest, Inc., San Jose, California. 
There are various factors for the success of Microchip: 
38 
1. Continuous introduction of new products, the first 8-pin OTP microcontroller , 
39 
OTP microcontrollers with a 10-bit analog-to-digital converter , reprogrammable 
microcontrollers using EEPROM^^ memory^\ and reprogrammable 
microcontrollers using Flash memory. 
36 Microchip Web Site，Microchip Technology Reports Fourth Quarter and Fiscal Year End Results, 
April 25, 1996. 
37 Electronic Buyers News, 8-bit OTP MCUs Fill a Supply Void, Electronic Buyers News vis First!, 
November 23, 1995. 
38 Joyce Putscher, Microchip Launches First 8-pin MCU, Semiconductor Product Services, June 
1996. 
39 Microchip Technology Packs 16-bit Microcontroller Performance In Low-cost 8-bit OTP 
Microcontroller Family, Reuters Business Alert，March 10, 1997. 
40 Electrically Erasable Programmable Read Only Memory 
41 Microchip Technology Launches MCU, Business Wire via bidividual Inc.，April 3，1996. 
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2. Good technical documentation. Microchip's Embedded Control Handbook has 
included application notes and software code written for specific embedded 
control applications. 
3. Sells a lot of development tools (Table 5). Whenever a customer buys a 
development tool, she will use it for project development. The cumulative number 
of development tools sold is a good indicator of future business growth. In a 
recent announcement, Microchip claimed that she has sold 7,560 development 
packages in one quarter.^^ 
Table 5 
Microchip's Development Tools Sales 
FY1993 FY1994 FY1995 FY1996 FY1997 
Units 4,360 6,400 8,700 14,000 20,000 
Revenue 1.7 2.2 3.5 5.5 7.0 
(millions ofU.S. 
dollars) 
Estimated Profit Margin 40% 40% 40% 40% 40% 
Percentage 
Margin Dollars (millions 0.68 0.88 1.4 2.2 2.8 
ofU.S. dollars) 
Source: National Semiconductor Corporation 
Microchip has one sales office in Shanghai and one in Hong Kong. For distribution, 
she has four distributors in China and two distributors in Hong Kong. 
42 Microchip Web Site, Microchip Technology Reports Record Third Quarter Results, January 14， 
1997. 
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In China, Microchip's strategies include providing free samples to customers, making 
inventory available to shorten delivery lead-time, developing low cost development 
tools with local tool manufacturers, and heavy investing in advertisement to 
propagate her image. She has conducted microcontroller contests together with the 
distributors in China. 
Zilog 
Zilog is a company that focuses on selling microcontrollers. The company utilizies its 
Superintegration design methodology to combine cores and cells from the company's 
extensive library of customer-familiar microprocessors, microcontrollers, memory, 
and logic circuits to meet the design, cost, and time-to-market requirements of its 
customers. Its sales revenue in 1995 was US$265.1 million. 
Zilog produces both MROM and OTP microcontrollers, and targets at market 
segments II and III in Figure 1. Last June, Zilog has announced the expansion of its 
Z8 line of microcontrollers to include a series of low-cost devices，The new series 
includes a one-time-programmable (OTP) chip, a MROM device, and a low-voltage 
version. 
The strategy which Zilog is using to target at the consumer market in Asia-Pacific is 
to meet the needs of her customers by using low-cost OTP microcontrollers for 
43 Christopher Sherwood, "Zilog shows OTP family", San Mateo, Calif., Electronic Buyers News 
via Mividual hic., June 14，1996. 
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immediate production, with the ability to convert those OTPs to MROM parts, and 
still maintain competitive pricing.^^ 
The Z8 family is well established and understood by many customers. 
Amtel 
Amtel was established in 1984; her main business is memory products (Flash, 
EEPROM and EPROM) and programmable logic products. Her Flash technology is 
becoming mature, and is now focused on the microcontroller market. Lately, she has 
announced a new series of Flash EEPROM memory microcontrollers which is Intel 
8051 compatible, one of the most popular architectures. The unit price of the Flash 
microcontrollers is around 20%higher when compared to OTP microcontrollers. 
Motorola 
Similar to National, Motorola offers a wide range of products from analog 
components to digital ICs. The Customer Specific Integrated Circuits Microcontroller 
Division within Motorola offers both OTP and MROM microcontrollers. She has the 
greatest market share in the 8-bit microcontroller market (around 28%) and the 
architectures of her 68HC05/08/ll series microcontrollers are well understood by 
many engineers since they are described in many university textbooks. 
Two years ago, the lead-times for Motorola's microcontrollers were extended to more 
than 6 months, and severely damaged the relationships with many customers. With 
44 "Zilog Offers New Low-cost Z8 One-Time Programmable Chip for 59 cents", Campbell, Calif. 
(Business Wire) via hidividual Inc., June，1996. 
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the expansion of her production capacity, the lead-times have been reduced to 8 
weeks. Recently, Motorola has also decreased pricing for some of its selected OTP 
members in order to regain market share. For more than a thousand quantities, prices 
are down as much as forty-six percent. The unit prices for the OTP microcontrollers 
used to be three to five times that of the MROM versions. 
National's Microcontroller Profile 
National's COP8 microcontroller family has 4 series: Basic group, Feature group, 
COP87L OTP series, and the new low cost OTP microcontroller, COP8SA series. 
The Basic group is a general purpose microcontroller series targeted at applications 
like remote controls, cordless telephones, security systems, computer keyboards, toys, 
and games. The Feature group has more built-in functional blocks. The applications 
include washing machines, utility meters, feature phones, immobilizers, and body 
controls in automotive products. The COP87L OTP series includes the OTP 
microcontrollers which are compatible to the members of the Basic group and Feature 
group. They are used for building prototypes and small quantity pilot runs. They are 
priced at two to three times that of the corresponding MROM versions. 
The COP8SA series are the OTP microcontrollers which have been developed with 
the purpose of replacing the MROM version with the cost effective OTP solution. 
Cost effective is ideally defined as 1.1 times the cost of the MROM version.^^ The 
series is designed with the purpose of not only considering the cost of the IC itself, 
but also how to help the customers to reduce their overall system costs. External 
45 National Semiconductor Corporation, NPPRS - Low Cost OTP Microcontroller, internal business 
case document, July 1995. p.l. 
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components that are more cost effective are built inside the chip, with the options that 
the customers can disable them and use external components. The COP8SA series has 
used several technology patents to help reduce the cost and increase the quality of the 
product. It employed the patented AMG cell, which is the industry's smallest 
EPROM memory cell. Also, COP8's CPU is the smallest 8-bit microcontroller core in 
the industry. With these two factors, the dice size is smaller, and is thus able to offer 
more features with an attractive pricing. To reduce the electromagnetic interference 
(EMI) generated, the COP8SA series has built in an EMI reduction circuit which has 
been patented. To make sure that the COP8SA series can withstand high electrostatic 
discharge (ESD) voltage, it has used the patented ESD protection circuit. 
The COP8SA series is suitable for applications such as，battery chargers, automatic 
meter readers, home security, lamp dimmers, remote controls, etc. 
In June 1994，National performed a survey.^^ The objectives of that study were to 
measure: 
1. Familiarity with 8-bit MCU products. 
2. Current usage of and future interest in using 8-bit MCU products. 
3. Importance of factors in selecting 8-bit MCU products. 
4. Familiarity with 8-bit MCU vendors. 
5. Perceived leader in 8-bit microcontroller technology. 
6. Top five companies for microcontroller product technology. 
46 Cahners Research, National Semiconductor Microcontroller Brand Awareness Study, September 
1994. 
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The sample for that study was composed of design engineers and managers，chosen at 
random from among EDN readers. Three hundred sixty-two survey responses were 
received out of 1000 mailed to the EDN readers who had the responsibility to select 
4-, 8-, and 16-bit microcontrollers/microprocessors. The following is a summary of 
some useful information: 
1. Twelve percent of respondents are very familiar with National's microcontroller 
and fourty-eight percent are somewhat familiar. 
2. The penetration of National's 8-bit microcontroller products (seven percent) is 
currently low. Intel and Motorola are the vendors of choice for 8-bit 
microcontroller products, with sixty-one percent and fifty-seven percent of 
respondents specifying them, respectively. 
3. Importance of factors in selecting 8-bit microcontroller products are cost, 
performance, ease of design, and application tool development. 
4. Motorola and Intel are the perceived leaders in 8-bit microcontroller technology. 
5. Motorola and Intel are considered to be the top two contenders in microcontroller 
technology. Roughly six in ten rated the two companies first or second in product 
technology. National is ranked in the top five microcontroller companies by more 
than one-third of the respondents surveyed. 
In Asia-Pacific region, the survey also showed that National provides good technical 




1. National has the required technology of integration and patents that are critical for 
success in the OTP microcontroller market. The integration includes circuitry of 
analog, non-volatile memory and communication technologies. National has the 
experience and knowledge in designing analog circuits, microcontrollers, and 
non-volatile memory. Microchip, Zilog and Amtel lack analog expertise. 
Motorola is not strong in non-volatile memory. 
2. National can provide more silicon solutions for customers than can Microchip, 
Zilog, and Amtel. In customers' systems, besides the microcontrollers，there are 
other external components, like power supply, signal amplifier, temperature 
sensor, and other peripherals. Therefore, National can provide total system 
solutions to many applications and thus has a competitive advantage. 
3. For the PRC and Hong Kong, National has a strong distribution channel, and 
many distributors have application teams that can provide technical support for 
their customers. Another channel that has been set up is the "Third Party Design 
Houses". Through these two channels, National can reach those customers that 
lack design capability and provide service that can help them to grow. 
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Weaknesses 
1. From the previous survey, National does not have a strong reputation in 
microcontroller technologies. Also, not many customers are familiar with the 
architecture and software development platform of the COP8 family. National has 
been recognized as the leader in analog or mixed signal technologies, but not in 
the microcontroller arena. Efforts have to be spent to let more customers know 
about the microcontroller technologies that National has. 
2. The product portfolio for the COP8 family is very limited. For the COP8SA 
series, there are currently only 3 members. This has limited the usage of COP8 in 
many applications. For example, the COP8 family does not have a built-in LCD 
driver, so for applications like LCD games, databanks, time pieces, etc., 
customers will not consider using COP8 microcontrollers. 
3. The COP8SA series is only available in an OTP device; there are no 
corresponding MROM parts. Feedback from the experience informant^^ indicated 
most of the customers currently using National OTP microcontrollers welcome 
this product, as it is more cost effective than the COP87L OTP series and protects 
their previous software development. The main weakness of the COP8SA series is 
that there is no MROM version. Most of the high volume production customers 
would not consider it, as the price is not so attractive to win over MROM 
microcontroller user. With its existing COP8SA, National can only address 
market segment III (Figure 1), which has limited the growth for the product. 
47 Field Application Manager of one of National's Distributors, biterview, February 27, 1997. 
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4. National is working with an external tools manufacturer, Metalink in the United 
States, to provide development tools for the COP8 family. The selling price to 
customers is around US$700. Zilog is selling development tools similar to 
Metalink at around US$200. The tools are manufactured by Zilog herself and they 
are selling at cost. For Microchip, there are a lot of tools manufacturers providing 
development tools that support Microchip's OTP microcontrollers. The selling 
price ranges from US$150 to US$3,500. For those small to medium customers, 
who are the target customers for OTP microcontrollers, the price of the 
development tools can be the decision factor. This is even more critical for those 
customers in the PRC. Besides the price issue, maintenance is another 
consideration in the PRC. It involves a lot of logistics to ship the development 
tools in and out of China for maintenance purposes. 
Opportunities 
1. According to Dataquest, the 1995-2000 CAGR for consumer electronic equipment 
in the PRC7Hong Kong is 18.5%, with revenue ofUS$17,203 million in 1996 and 
expected to grow to US$33,641 million by year 2000.^^ The current COP8SA 
series can address approximately 50% of the market. 
2. There are more companies from European, Japanese, Amercian, and other Asian 
countries investing in China.^^ In the past, those companies are mainly moving 
their production of electronic goods to the PRC and Hong Kong. Recently, there 
48 Dataquest, China/Hong Kong Electronic Equipment Production Forecast, May 20，1996. ppll-12. 
49 Dataquest, Asia/Pacific - The Second-Largest Electronic Equipment Production Region in the 
World bv 1997, December 9，1996. pp3-5. 
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is a trend of setting up design centers for the development of new products. The 
local companies have the authority to select electonic components used in system 
designs. The trend provides opportunity for National's microcontroller to be 
selected by global companies like Motorola, Philips, and Nokia. 
Threats 
1. As mentioned in the competition profile, both Microchip and Amtel have 
introduced reprogrammable microcontrollers based on Flash memory. The 
reprogrammable microcontroller offers the same advantages as the OTP 
microcontroller，with the additional benefit of reprogrammability. Since Flash 
memory is electrical erasable，it is easier to provide the reprogrammable function 
without additional cost on the package, unlike OTP microcontroller using 
EPROM memory, which needs to have a window on the IC package to allow UV 
light to shine on the EPROM cell to erase the data. With the reprogramable 
capability, the customers are able to reprogram their devices after they are 
soldered on the printed circuit boards or in the field. This offers a highly flexible 
solution whenever the systems manufacturers want to change the software during 
production or upgrade those systems already purchased by their customers. 
Today, this is still not a threat to OTP microcontroller since the Flash devices cost 
approximately 20 percent more and have little place in the cutthroat pricing of 
consumer and personal computer electronics. However, the situation may 
change. With the Flash memory technology getting more mature, the cost for 
50 Gil Bassak, No Letup in 8-bit Microcontroller Growth. Electronic Engineering Times via 
hidividual bic., June 14，1996. 
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Flash microcontrollers will decrease and it is predicted it will displace OTP by 
1998. The reason is that Flash memory yields a smaller die size than does 
EPROM.5i However, it is believed that the OTP microcontrollers will continue to 
decrease in cost. Therefore the displacement of EPROM memory by Flash version 
will not happen immediately and the informants predict that the earliest date may 
be the beginning of calendar year 1999.^ '^ ^^  
2. With the expectation of the high growth in the microcontroller market, many 
silicon suppliers invest heavily in the production capacity in the last two years. 
This leads to the reduction of the delivery leadtimes. Some vendors, like the 
Taiwanese suppliers, quote four to six weeks leadtimes for the MROM 
microcontrollers. The time difference between the delivery time of the OTP 
microcontrollers and that of the MROM devices is lessen. 
3. The price of the MROM microcontrollers offered by the Taiwanese and Korean 
vendors are relatively low. The Asian vendors are close to the market and are 
willing to develop products that meet the specific needs of the customers in Asia-
Pacific. The price difference between MROM microcontrollers offered by Asian 
vendors and the OTP microcontrollers offered by oversea vendors is widen. This 
may limit the growth in the OTP microcontroller market segment unless the price 
of the OTP microcontrollers can maintain at 1.1 to 1.5 times that of the similar 
MROM devices in the market. 
51 Gil Bassak, No Letup in 8-bit Microcontroller Growth, Electronic Engineering Times via 
Individual Inc., June 14，1996. 
52 Marketing Manager of one ofNational's distributors, Mterview, March 7, 1997. 




Marketing Objective and Value Proposition 
Marketing Objective 
The marketing objective is to capture 30% of the OTP microcontroller market in the 
PRC and Hong Kong within three years. 
The market size of the progammable microcontroller in the PRC and Hong Kong 
(Table 4) should be adjusted every year according to Dataquest's report, and thus the 
revenue goal be modified. The objective can then be measured by comparing the 
actual annual revenue generated by National's OTP microcontrollers with the revenue 
goal listed in Table 6. 
Value Proposition 
The value proposition of National is to offer an OTP microcontroller series with high 
integration and board product portfolio, to enable manufacturers to achieve fast time-
to-market with the cost similar to MROM prices. 
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Product Strategy 
The objective of the product strategy is to position National as the leader in providing 
the whole product for programmable microcontrollers that are suitable for most of the 
applications in market segments II and III in Figure 1. The whole product means the 
microcontroller device, the required development tools, and application notes. 
Today National has the COP8SA series. From most of the market feedback, it is a 
great product for small to medium volume distribution customers and some very 
specific niche market, large volume customers (customers that have one basic design, 
but multiple versions of it, e.g., remote controls). But COP8SA does not address the 
majority of the large volume OEM accounts (market segment II), because National 
cannot offer a cost reduction, migration path to a MROM device. For those 
customers, having OTPs is a necessary pre-requisite for prototyping and pre-series 
development, but usually they only require a few hundred to thousand OTPs, before 
they go to the MROM version. The basic assumption is that whenever there is a price 
difference between the programmable microcontroller and the MROM version, 
customers will request a price decrease for the migration path when the production 
quantities increase. The first product strategy is to address this need by providing the 
MROM version for the COP8SA series. 
Next is to increase the number of members in the COP8SA series. With the different 
built-in functional blocks, EPROM size, RAM size, and number of I/Os, the COP8SA 
series can then address approximately 75% of the applications in the market 
segments. The target is to introduce one new member every quarter. 
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The low cost development tools are critical aspects of the whole product offering and 
must remain competitive in the market as virtual standalone products. The plan is to 
work with one development tools manufacturer in the PRC in the coming year to 
develop two types of development tools. The first is complete real time development 
tools selling in the US$200 range. The second one is a reduced version of the first one 
which offers in-circuit simulation and programming function. The selling price for 
the latter one is around US$50. Both tools must be user friendly and have the same 
user interface. Also customers can download software tools from the National Web-
site. The software tools are free COP8 software simulator and COP8 
Assemblery^inker/Librarian. The combination of this wide variety of tools allows the 
designers to pick and choose the right tools, at the price they can afford. 
Since learning a new assembly language for software programming is a barrier for 
customers to select another vendor's microcontroller, National can consider funding a 
project in a PRC university to write a software tool that can convert the software code 
from Motorola and Microchip to the COP8 device. Also, since high level language C 
is getting popular, National can work with another university to have a low cost C 
compiler which sells at US$100. Both suggested methods are to help customers to 
change to COP8 devices without worrying about learning a new programming 
language. 
Finally, National should closely monitor the progress of Flash memory technologies, 
and prepare to migrate the COP8SA series to Flash version whenever the cost of the 
Flash memory is competitive with EPROM memory. 
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Besides the tangible product, National should also provide better services that assist 
customers to produce systems in the required quantity within the desired period. The 
first most important service is short leadtimes. National commits to ship a thousand 
units within 2 weeks, and large quantity order in four to six weeks time. Also, 
National can work together with the authorized distributors to keep certain quantity of 
the OTP miccocontrollers as a strategic inventory so that the distributors can provide 
the value-added service, “zero，，leadtimes, to customers. 
The second service is providing technical support to assist customers in the 
development of the end systems. National can work with third party design houses to 
provide hardware and software design to those manufacturers who have no design 
capability or have limited bandwidth in developing new systems. National will pay 
royalty to the design houses and the royalty will be a certain percentage of the unit 
price times the total quantities of the microcontrollers that have been shipped to the 
customers to whom the design houses have provided turn-key support. The design 
houses can serve both National's customers and their own customers. The royalty can 
also motivate the design houses to select National's microcontroller whenever 
possible for their own cusotmers. 
Pricing Strategy 
The pricing objective is to gain market share by providing similar pricing as 
competitors but offering more integration and features on the COP8SA series. The 
pricing decision is based on the consideration of the value that COP8SA brings to 
customers, the competitors' pricing for similar devices, and the cost for producing 
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COP8SA microcontrollers. Recently, most of the microcontroller vendors have 
lowered their prices for both OTP and MROM versions of their microcontrollers. 
COP8SA does not have a price advantage over the competition, compared to the time 
when the COP8SA series was launched just six months ago. 
In order to match with the competitive pricing and still obtain a desired profit margin, 
it is important then for National to migrate from the current manufacturing process to 
a more cost effective process for the next generation of COP8SA members. The goal 
is to bring the cost down and close to that of the corresponding MROM version. 
National has to remain cost and feature competitive with all competitors' 8-bit 
controller families for the same market segments. 
Distribution Strategy 
The objective of the distribution strategy is to win as many customers as possible by 
providing value-added services to the customers in the selected market segments. 
Since the OTP microcontroller is mainly sold through distributors, the greatest 
opportunity for revenue potential is the quality and efficiency of the distribution 
channel. The structure of the distribution channel in National is shown in Figure 2. 
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Figure 2 






One of the main advantages of using OTP microcontrollers is the short lead-time. 
In order to delivery products to customers in the desired time frames and quantity 
required, the physical distribution is very critical. Figure 3 shows the physical 
distribution in National. The transportation will be daily air freight from Singapore 
where the COP8SA series is tested and assembled. In order to reinforce the advantage 
of short lead-time, the distributors have to keep strategic buffer stocks for those 
popular members in the COP8SA series in order to provide the devices to customers 
with ‘ZERO，lead-time. To enhance the short lead-time program, National has to 
upgrade and expand the production capacity to provide less than 4-week lead time for 
quantity orders for all the members in the COP8SA series. The order cycle time have 
to keep short by setting up direct-line electronic linkage between National and 
distributors so that order entry can be processed within 24 hours. 
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Figure 3 











For those customers who lack engineering resources and capability, the distributors 
can introduce third party design houses to work with those customers. Since the PRC 
is such a large country, National and its distributors have to look for design houses 
and consultants with a wide range of expertise and capabilities in most of the main 
cities. It is important to have the design houses close to the customers for better 
communication and services. 
Promotional Strateqv 
The objective of the promotional strategy is to create awareness of the COP8SA 
series at the customer sites, including engineering and management levels, and inform 
the target customers about the advantages and benefits that COP8SA series can bring 
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to them. The primary target audience are development engineers, both software and 
system developers, and designers who are working with microcontroller systems. The 
audience includes those designers who have been using Microchip, Motorola, or 
Zilog and have been hurt due to availability issues (Motorola's long lead-time in 1994 
-1995), have experienced poor quality (Zilog - from some of customers' input^^), or 
are simply looking to reduce their risk level by broadening their supplier base 
(Microchip). At the same time the microcontroller market is growing rapidly, and 
there are a large number of inexperienced designers who are looking to suppliers to 
offer easy-to-use development tools. Finally，there are pro-National customers who 
are satisfied with our COP8 MROM products and will use National as soon as we 
offer competitive OTP microcontrollers. 
Four major components of the promotional mix have been employed. There are 
personal selling，advertising，sales promotion, publicity and public relations. 
All communications should be targeted at creating awareness that National has 
introduced a family which is capable of reducing system costs, and that National has 
entered a low feature, low cost market with a product with many features and 
functions while staying competitive on price. 
National's promotions to date include: 
1. joint advertisement with distributors in the PRC and Hong Kong region 
54 Field Application Manager of one ofNational's distributors. Interview, February 27，1997. 
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2. direct mailing to customer list obtained from distributors and bought a name list 
from AEE, EDN Asia 
3. public relation and interviews with media like EDN Asia (regional) and Nikkei 
Electronics (regional) 
4. all the required collateral on hand: basic tools like datasheets, application notes, 
and COP8 microcontroller selection guides, technical papers, COP8SA 
programmer selection guides, third party programmers available, and 
development tool information 
5. web-site: quick search by part number, search by category，datasheets and 
application notes, behavioral models, packaging, pricing，obsolescence, new 
products, events and seminars, technical support, sales contacts，feedback, free 
samples, free example software, free COP8 development software (excluding C 
Compiler); address of the Web-site is included in all advertisements. 
In order to gain awareness, the advertising campaign will be continuous. The next 
phase of the promotional campaign will focus on how to familizing the potential 
customers with the COP8SA series architecture and software programming. Two 
main activities will be done. The first one is seminars in each main city in the PRC 
and Hong Kong. The seminars will cover the COP8SA architecture and application 
examples, and will be open to all potential customers. Invitation letters will be 
published in magazines and through direct mailing. During the seminars, the 
attendants can purchase the development tools at a discount price. The second activity 
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that will go along with the seminars is the design contest. The interested parties can 
send in their proposals and free development tools will be given to those selected. The 
selected parties must develop working demonstration units within three months. 
An important value-added service to customers can be provided by distributors is the 
technical and engineering support. Most of the distributors working for National have 
application teams already. Before the public launch of COP8SA in September last 
year, technical training was provided for both distributors' field application engineers 
and field sales engineers. It is important in the personal selling that the salespersons 
can answer the complex questions raised by the customers. The response of to that 
training was excellent and now the sales force in the distribution channel is 
knowledgeable about COP8SA's features and benefits. Similar training should be 
provided whenever new products and development tools are introduced. 
In order to encourage the distributors to support the plan, it is essential to motivate 
the distributors as companies and the sales forces as individuals. For the companies, 
National provides more than fifteen percent profit margin for all the OTP 
microcontrollers sold. This is important because it is always much easier to drive 
business for commodity products which are direct replacements for the products from 
other silicon suppliers. Efforts must be made to drive proprietary products because 
customers always have the tendency to use those products that they are familiar with 
and have used before. On the other hand, driving proprietary products can help a 
distributor to stabilize her revenue, since once she wins a customer, it is not easy for 
39 
the customer to change to another supplier. Therefore it is important to educate 
distributors and provide reasonable profit margins to motivate them. 
For the sales force in the distribution channel, there can be an incentive program that 
is similar to the mileage program of an airline. For every dollar that the sales engineer 
earns, he can get one mileage point. After accumulation of points to certain threshold 
values, he can claim the corresponding gifts from the list. The gift can be a trip for 
two to Hawaii, 29" colour television, video cassette recorder, hi-fl, etc. For the 
application engineers in the distribution channel，National can start a design contest 
using the COP8SA series, and the winner can win a trip to Europe. The design contest 
can also help to generate more technical papers and demonstration units that can be 




About the Research 
Due to the proprietary nature of this study, the experience survey was restricted to 
National related distribution, and this is a threat to the reliability of the prediction on 
the percentage of the programmable microcontrollers in the 8-bit microcontroller 
market. Non-coverage bias may arise due to the fact that the sampling plan did not 
capture all the representatives in the microcontroller industry. As National is one of 
the players in the microcontroller market, no interviews have been set up with the 
informants from the competitors' distributors. The author has tried to reduce the bias 
by selecting the National's distributors who are also carrying microcontroller product 
lines of other vendors. 
About the Marketing Plan 
In the product strategy, the plan is to introduce at least one new member every 
quarter. Considering that there are other high priority projects in the pipeline, this is a 
heavy loading, given the current resources in the product development design team at 
headquarters. Unless senior management agrees to increase the resources of the 
design team, the introduction of new products will be limited. 
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In the marketing plan, the involvement of third parties, like tool manufacturers, 
universities, and design houses, necessitates finding the right candidates to work with 




Table 6 presents a financial analysis of the return on investment to capture 30% 
market share in the PRC and Hong Kong for COP8SA series. The market potential of 
the programmable microcontroller is from Table 3. The increase in the development 
cost in 1998 is due to the migration of some members from the COP8SA series to 
Flash memory version. In 1997，National's market share is only six percent, and with 
the goal to capture thirty percent market share by 1999. The high growth from 1997 
to 1999 is due to the assumption that more customers know about the existence of 
COP8SA series and select the microcontrollers in their applications. From 1999 
onward, the market share nearly stay flat due to the assumption of the saturation of 
the customer base that will select National's microcontroller and the revenue growth 
is mainly due to the introduction of new products that can address new applications. 
The business will breakeven in 1998. Under the worst case scenario, if National can 
only capture ten percent market share by 1999, the breakeven will occur in 2000. 
However, the revenue generated by the COP8SA series should not be limited to the 
PRC and Hong Kong. The same devices can be sold to customers in other countries 
and regions. Therefore the business of programmable microcontrollers is very 
positive. 
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The success of this business case depends very much on the implementation of the 
marketing plan, the motivation in the distribution channel, and the introduction of 
new members in the right market windows. 
Table 6 
Financial Summary 
(Thousands of U.S. Dollars) 
1 9 9 7 ^ 9 9 8 1 ^ 2 0 0 0 
Market Potential in PRC^K 67,000 122,000 192,000 255,000 
Market Share 6% 12.5% 30% 30% 
Revenue 4,020 15,250 57,600 76,500 
Investment 2,870 6,500 7,480 6,710 
New Product Development 2,500 6,000 6,500 5,500 
Promotional Cost 330 350 400 450 
Mileage Program 40 150 580 760 
Gross Margin 50% 50% 50% 50% 
Profit (Loss) (860) 1,125 21,320 31,540 
Worst Case Analysis 
Market Share 6% 8% 10% 10% 
Revenue 4,020 9,760 19,200 25,500 
Gross Margin 50% 50% 50% 50% 
Profit (Loss) (860) (1620) 2,120 6,040 
Source: National Semiconductor Corporation 
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APPENDIX I 
TYPICAL MICROCONTROLLER APPLICATION 
Applications Examples 
Automotive and Transportation Security system, Keyless entry, Radar detector, 
Window control, Anti-lock braking system, 
Speedometer, Airbag sensor, Sun roof control 
Consumer Television, Radio, Compact Disc Player, 
Camcorder, Microwave oven, Refrigerator, 
Washer and Dryer, Air conditioner，Electronic 
toothbrush 
Communications Pager, Mobile phone, Cordless phone, Feature 
phone, Modem, Answering machine 
Office Automation and Industrial Facsimile, Motor control, Compressor, Security 
system, Energy management, Robotics, Smoke 
detector, Utility meter 
Data Processing Hard disk drive, Floppy disk drive, Monitor, 
Scanner, Electronic calculator, Personal 
Organizer 
Military/Civil Aerospace Bomb fuse 
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APPENDIX II 
EXPERIENCE SURVEY PROCESS 
1. reviewed the current COP8SA design activities 
2. provided the reasons for projects won and projects lost 
3. the informants were asked to give feedback on the customers' needs and 
expectations 
4. the informants' views on National's current position against the competition 
5. future promotion activities 
6. how to motivate the distribution channel 
7. other suggestion for National to become the leader in OTP microcontrollers 
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APPENDIX III 
REASONS FOR PROJECTS WON AND LOST 
Reasons for Projects Won 
1. good features provided by COP8SA series 
2. price competitive 
3. good relationship with customers 
4. distributors provide software programming for customers 
5. customers want to have another source of OTP microcontrollers 
Reasons for Projects Lost 
1. not willing to change from other microcontroller vendors 
2. price is too high as compared to other OTP microcontrollers which have fewer 
features; COP8SA has features that the customers do not use 
3. no cost reduction migration path because no MROM version 
47 
APPENDIX VI 
BENEFITS OF COP8SA's FEATURES 
Features Benefits 
0.8u AMG EPROM technology Best value OTPs in the market 
Industry's smallest 8-bit core Price/Performance leadership 
Watchdog High reliability, designed to detect user 
programs getting stuck in infinite loops 
resulting in loss of program control or 
"runaway" programs 
On-chip oscillator, Power-On-Reset, Added value when board-space is limited 
Pull-up resistors, Schmitt-triggers, 
Protection Diodes 
Clock Monitor，Software Trap, System High reliability 
solution requiring less external 
components 
Multi-input wakeup, Halt mode, Idle Low power consumption which leads to 
mode longer battery life 
Microwire/Plus serial interface Enables device to interface with other 
Microwirey^lus or SPI peripherals (i.e., 
A/D convertors, Display drivers, 
EEPROMs) 
Gradual turn-on drivers (GTO), Internal EMI leadership 
smoothing filters 
User friendly development environment Time to profit leadership 
Eight vectored interrupts Less software overhead 
Code efficient design Price/Performance leadership 
Superior technology Changing the rules of the pricing game 
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APPENDIXV 
COP8SA PRESS RELEASE 
NATIONAL SEMICONDUCTOR ANNOUNCES ZERO-EXTERNAL-
COMPONENT, LOW-COST MICROCONTROLLER FAMH^Y 
September 9，1996 -- National Semiconductor Corporation®, a world leader in mixed 
signal programmable microcontrollers, analog products, and other devices for 
embedded applications, today announced a family of highly integrated, cost-effective, 
one-time-programmable (OTP) 8-bit microcontrollers. The new COP8SAx family 
integrates many features found externally on a typical microcontroller system, making 
it a complete system on a chip for most 8-bit applications. The COP8SAx family 
saves designers printed-circuit-board (PCB) space, manufacturing and passive 
component costs, while increasing reliability. This family of zero external component 
microcontrollers is the first solution to compete with electro-mechanical control 
systems cost effectively. 
The COP8SAx offers full integration, with internal features such as R7C oscillator, 
power-on-reset (POR), pull-up resistors, schmitt-triggers and protection diodes. 
Designers benefit from the COP8SAx's powerful peripherals, a 16-bit timer/clock, 
two low power modes, wake-up on a pin-change, WATCHDOG timer and clock 
monitor, direct LED drive, enhanced serial interface, and the ability to flt more 
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software in a smaller space. Low 2.7V to 5.5V operating voltage allows designers to 
implement intelligence in low power applications. 
"A microcontroller with this level of integration offers a number of clear advantages," 
stated Jon Kiachian, product marketing manager. "In addition to eliminating the time 
required to design and assemble external components for the oscillator and reset 
circuit, the COP8SAx removes the added tasks of specifying, purchasing and stocking 
these components. A single-chip solution improves upon discrete solutions by 
combining the inherent reliability of an integrated device with the manufacturing 
simplicity of an industry-standard footprint at a significant cost savings." 
"The COP8SAx family also addresses software reliability issues by providing design 
engineers the ability to meet the recently introduced UL-1998 Safety Related 
Software specification from UnderWriter Lab. This standard requires applications 
ranging from household appliances to automotive systems to have proven reliable 
software. 
The COP8SAx family provides the first-time designer an easy introduction to 
developing with microcontrollers. National offers a full range of user friendly 
development tools including a free software simulator, a low cost Evaluation and 
Programming Unit ($99.00)，a mid-ranged Debug Module ($699), or a full featured 
iceMASTER 400 ($2990) for in-circuit emulation. Software development tools have 
been enhanced to take advantage of the new features that can be found on this device 
including the C Compiler ($850) and the free COP8 Assembler/Linker/Librarian. The 
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combination of this wide variety of tools allows the designer to pick and choose the 
right tool at the price they can afford. 
National's patented EMI reduction technology offers low EMI circuitry, gradual turn-
on drivers (GTOs) and internal Icc smoothing filters, to help circumvent many of the 
EMI issues influencing embedded control designs. As a result the COP8SAx has 
achieved a 15-20dB reduction in EMI transmissions in comparison to designs which 
do not incorporate this circuitry. 
The COP8 8-bit microcontroller family features a range of devices based on an 
industry standard core architecture. Its high performance, low cost, low power core, 
has a luS instruction cycle time, and over 77% of the instructions being single byte, 
single cycle, offers RISC-like performance. To date，more than 500 million COP8 
microcontrollers have been shipped for low, medium and high volume embedded 
applications in the automotive, consumer, communications, industrial controls, and 
office automation marketplaces. 
Pricing and Availability 
The COP8SAC offers 4K of EPROM program memory, 128 bytes of RAM for data 
memory, and 8 bytes of user storage space; it is available in 44 PLCC, 44 PQFP, 40 
DW, 28 DOVSOIC and 20 DIP/SOIC packages. The COP8SAB device offers 2K 
EPROM program memory, 128 bytes of RAM, 8 bytes user storage space, and 
offered in 28 DHVSOIC and 20 DIP/SOIC packages. The COP8SAA device offers 
lK EPROM program memory, 64 bytes of RAM, 8 bytes user storage space, and 
comes in 28-pin and 20-pin DIP and SOIC packages. In the next 6 months National 
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will be releasing the COP8SAA in the 16-pin DIP and SOIC packages. Engineering 
samples will be available in October，with volume production in the first quarter 
1997. When the product is in production, National's Authorized distributors 
worldwide will have the capability to do high-volume programming, allowing off the 
shelf pre-programmed devices within weeks for quick manufacturing, seasonal ramps, 
or code revisions. 
The COP8SAB is available in a 20-pin SOIC, at a one thousand piece price of $1.86. 
The COPSAA will be available at less than a dollar in high volume. For more 
information on the COP8SAx family or other products from National, contact the 
Customer Response Group at 1-800-272-9959. National Semiconductor Corporation 
focuses on strategic markets within the communications，personal systems，industrial 
and consumer markets. 
National Semiconductor Corporation® designs, develops and markets semiconductor 
Technologies For Moving and Shaping Information®. The company focuses on 
strategic markets within the communications, personal systems, industrial and 
consumer markets. National Semiconductor is headquartered in Santa Clara, 
California, and has 20,000 employees worldwide. In fiscal year 1996，the company 




A/D converter (analog-to-digital converter) - Circuitry that converts an analog signal 
into digital data that a microcontroller can directly process. 
EEPROM (electrically erasable programmable ROM) - Memory that can be 
reprogrammable byte-by-byte electrically. Thus, data in EEPROM can later be 
changed by a manufacturer or a product's end-user. 
Flash memory - A type of reprogrammable memory that can be erased and 
reprogrammed while on a circuit board. This memory is organized into blocks 
comprising many bytes, so erasing or reprogramming one byte affects an entire block. 
Microcontrollers with on-chip flash have just recently become available. 
Microcontroller - A microprocessor with added memory and peripherals. A 
microcontroller contains the essential functions of a computer on a single IC and is 
programmed to perform a limited number of functions. 
Microprocessor - A silicon chip that is reprogrammable and takes care of central 
processing functions. 
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Peripheral - A piece of circuitry on a microcontroller that performs a specific 
function, thus offloading the main processing block. Examples include timers, 
memory, I/O ports, and A/D converters. 
PROM (programmable ROM) - Also known as one-time-programmable ROM, this 
kind of memory comes from the chip supplier unprogrammed, allowing an OEM to 
program each chip individually. Once programmed, however, it cannot be 
reprogrammed. 
RAM (random-access memory) • Read/write memory that stores temporary data 
while a system is operating. 
ROM (read-only memory) - Memory that holds permanent programs and data and 
cannot be reprogrammed. 
Timer - A peripheral that performs routine time-measurement functions, such as 
producing time delays or counting external events. 
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